Aims Left ventricular outflow tract obstruction (LVOTO) is associated with reduced survival in patients with hypertrophic cardiomyopathy (HCM). The influence of LVOTO on survival from SD in relation to other recognized clinical risk markers is unknown. There was no relation between survival from SD/ICD, LVOTO, and NYHA class. The annual rate of SD/ICD in patients with LVOTO and no risk factors was 0.37% (95%CI: 0.05-1.35). There was a trend towards lower survival from SD/ICD, with increasing numbers of risk factors in patients with and without LVOTO (P ¼ 0.002 and P ¼ 0.002, respectively). Multivariable analysis demonstrated that LVOTO was an independent predictor of SD/ICD, with a 2.4-fold (P ¼ 0.003) increase in the risk of SD/ICD. Conclusion LVOTO is associated with an increased risk of SD/ICD that is related to the severity of obstruction and the presence of other recognized risk factors for SD. The low sudden death mortality in asymptomatic patients with LVOTO and no other SD risk markers suggests that aggressive interventions to reduce LVOTO are unwarranted in this group. Further studies are required to determine the most appropriate treatment strategies (ICD or gradient reduction) in patients with additional risk factors.
Introduction
Approximately 25% of patients with hypertrophic cardiomyopathy (HCM) have dynamic left ventricular outflow tract obstruction (LVOTO) caused by contact between the anterior mitral valve leaflet and the interventricular septum in systole. 1, 2 When severe, this can cause dyspnoea, chest pain, and syncope, and predisposes to the development of atrial arrhythmias. 2 Two recent studies have shown that LVOTO is associated with an increased risk of death 3, 4 ; the implications of this observation for clinical risk stratification and prevention of sudden cardiac death (SD) in patients with HCM are uncertain. The aim of this study was to examine the influence of symptomatic status and the presence of other recognized risk markers for sudden death on the relation between LVOTO and the risk of sudden cardiac death.
Methods Patients
The study population comprised all adult patients (16 years of age) referred to a dedicated HCM clinic at St George's Hospital, London, UK, between January 1988 and March 2002. The diagnosis of HCM was based on the presence of unexplained left ventricular hypertrophy greater than two standard deviations from the normal range 2 or on the presence of published criteria for the diagnosis of familial disease in the relatives of patients with unequivocal disease. 5, 6 Patients with other disorders known to cause hypertrophy were excluded from the analysis. The presence or absence of medications was not used as a selection criterion.
All patients' medical history was analysed and they underwent physical examination. Dyspnoea was classified using the New York Heart Association system. Chest pain was classified as exertional if & The European Society of Cardiology 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org precipitated by physical activity and relieved by rest, or atypical if it occurred at rest or lasted more than 30 min in the absence of myocardial infarction. Patients were advised not to take medications 48 h prior to the first evaluation at St George's Hospital in order to avoid masking the effect of medications on LVOTO and exercise test variables.
Forty-eight-hour ambulatory electrocardiography and upright exercise on either a bicycle ergometer (Sensormedics Ergometrics 800S) or a treadmill with simultaneous breath-by-breath analysis of respiratory gases (VMax 229 Console, Sensormedics, Yorba Linda, CA, USA) and measurement of systolic blood pressure were performed in all patients in accordance with previously published protocols. 7 
Echocardiography
All patients were imaged in the left lateral decubitus position using an Acuson 128 XP/10 (Mountain View, CA, USA), GE Vingmed system V (GE Ultrasound Europe), or a Hewlett-Packard Sonos 1000 (HewlettPackard Corp., Andover, MA, USA). Standard techniques were used to obtain M-mode, two-dimensional, and Doppler measurements. Left ventricular cavity dimensions and left atrial size were measured in accordance with American Society of Echocardiography guidelines. The severity and distribution of left ventricular hypertrophy were assessed in the parasternal short-axis plane by dividing the left ventricle into four regions: anterior and posterior septa and lateral and posterior segments. Wall thickness was determined using twodimensional short-axis images at the level of the mitral valve and the papillary muscles in each of the four segments. Maximal left ventricular wall thickness was defined as the greatest thickness in any single segment. Patterns of hypertrophy were defined in accordance with previously published methods. 8, 9 Left ventricular outflow gradients were determined using pulsed and continuous wave Doppler from the apical three and five chamber views. Peak outflow tract gradients were determined using the modified Bernouilli equation: Gradient ¼ 4V 2 , where V is the peak aortic outflow velocity.
Clinical assessment of sudden death risk
On the basis of previously published data, 7, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] five clinical features were defined as risk markers for sudden cardiac death:
(i) Non-sustained ventricular tachycardia. Three or more consecutive ventricular extrasystoles at a rate of 120 bpm, lasting for ,30 s. (ii) Abnormal exercise blood pressure response. A rise in systolic blood pressure from baseline to peak exercise of ,25 mmHg or a fall of .10 mmHg from baseline or the maximum achieved blood pressure. The presence of an abnormal response was only considered as a risk factor in patients aged ,40 years of age. 
Survival analysis
Follow-up data were obtained from routine hospital attendances and by direct contact with patients' medical practitioners. For the survival analysis, the start of follow-up was defined as the first echocardiogram at St George's Hospital or the first echocardiogram to demonstrate an outflow tract gradient of 30 mmHg. In patients with obstruction who underwent septal alcohol ablation or myectomy, follow-up was censored at the time of the procedure.
The following events were used as end-points in the survival analysis: SPSS statistical software (SPSS Inc., Chicago, IL, USA, version 10.0) was used for the statistical analysis. Patients were divided into two groups according to the presence or absence of LVOTO (30 mmHg). In order to assess the linear relation between gradient and survival, patients were divided into five groups on the basis of their resting left ventricular outflow tract gradient: ,30, 30-49, 50-69, 70-89, and 90 mmHg. A priori, gradients 90 mmHg were defined as severe obstruction. Student's t-test was used for comparisons between continuous variables; Pearson's x 2 or Fisher's exact test was used for dichotomous variables. Survival estimates were calculated using the Kaplan-Meier method, and their relation to outflow tract gradients determined using log rank for trend. The magnitude of risk was calculated using the Cox regression model with 95% CI. A P-value ,0.05 was considered significant. All P-values were two-sided.
Results
Between January 1988 and March 2002, 1222 patients with HCM were evaluated; 126 patients under 16 years of age and 179 patients with follow-up of ,6 months were excluded. The final study cohort comprised 917 adult patients with HCM (554 males, mean age 43 + 15 years, range .
The baseline clinical and echocardiographic data in the study cohort are shown in Table 1 . Two hundred and eighty-eight (31.4%) patients had a peak left ventricular outflow tract gradient 30 mmHg. The relation of baseline clinical characteristics to the presence of outflow tract obstruction is shown in Table 1 . Patients with obstruction were older and had a higher incidence of chest pain and dyspnoea class II or more. There was no difference in the prevalence of syncope. Patients with obstruction had smaller end-diastolic and end-systolic left ventricular cavity dimensions, larger left atrial size, and greater maximum left ventricular wall thickness. The percentage of predicted peak oxygen consumption during exercise was lower in patients with obstruction, but there was no difference in the frequency of abnormal blood pressure responses. Medications of the study population during follow-up are listed in Table 2 .
Relation between LVOTO and survival
Median follow-up in the entire cohort was 61 (30;99) months. The duration of follow-up was shorter in patients with obstruction [median 52 (26;88) months, P ¼ 0.004]. The total number of deaths, cardiac transplants, ICD discharges, and episodes of resuscitated VF during follow-up was 122 ( (Figure 2) .
The positive predictive value (PPV) for SD/ICD in the presence of LVOTO was 9.7%; negative predictive value (NPV) was 95.9%. Similarly, PPV of the presence of severe LVOTO was 11.5% and the NPV 94.5%.
Relation between symptoms and survival in patients with obstruction
In patients with obstruction, there was a significant relation between 5-year survival from all-cause death and functional 
Relation between LVOTO and other risk factors for sudden cardiac death
The annual rate of sudden death in patients without LVOTO and none of the pre-specified risk markers for sudden cardiac death was 0.28% (95% CI: 0.06-0.81; there were no ICD discharges or successfully resuscitated VF episodes in this group). The annual rate of SD/ICD in patients with LVOTO and no risk factors was 0.37% (95% CI: 0.05-1.35). The annual rate of SD/ICD in patients with severe LVOTO and no risk factors was 0.92% (95% CI: 0.02-5.14).
The relation between survival from SD/ICD and the number of additional risk factors in patients with and without LVOTO is shown in Figures 3 and 4 . There was a significant trend towards increased mortality, with increasing numbers of risk factors in patients with and without LVOTO. The relative risk per unit increase in number of risk factors was 1.98 (95% CI: 1.40-2.78, P ¼ 0.0001) for non-obstructive and 1.76 (95% CI: 1.25-2.47, P ¼ 0.001) for obstructive patients.
Multivariable analysis of LVOTO and the five pre-specified risk markers demonstrated that LVOTO was an independent predictor of SD/ICD. LVOTO of 30 mmHg was associated with a 2.4-fold (P ¼ 0.003, 95% CI: 1.4-4.4) increase in the risk of SD/ICD. When patients with severe LVOTO (90 mmHg) were compared with patients with lesser degrees or no LVOTO, the relative risk reached 3.8 (P ¼ 0.005, 95% CI: 1.6-9.2). In this model, NSVT, syncope, and severe obstruction were the most important predictors of sudden cardiac death ( Table 3) . When LVOTO was included in the model as a continuous variable, the relative risk of SD/ICD for a 1 mmHg increase in gradient was 1.01 (95% CI: 1.004-1.019, P ¼ 0.002). 
Effect of amiodarone therapy
Mean outflow tract gradient in patients on amiodarone was 26.6 + 30.9 mmHg vs. 26.8 + 34.9 mmHg (P ¼ 0.9). One hundred and eight (37.5%) patients with obstruction received amiodarone during the follow-up vs. 203 (32.3%) patients without obstruction (P ¼ 0.1); 21 (6.8%) patients who had received amiodarone during the follow-up died suddenly vs. 33 (5.4%) patients who never were on amiodarone (P ¼ 0.4).
Discussion
Resting LVOTO is present in only a minority of patients with HCM, but its detection and treatment are central to the clinical management of the disease. Many studies have shown that severe obstruction causes significant exercise limitation and that its relief results in an improvement in symptoms. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] It is only recently, however, that there have been data showing that severe obstruction has an influence on survival from disease-related complications. 3, 4 This study confirms the relation between a gradient of 30 mmHg and prognosis, but differs from previous studies in that it demonstrates a relation between the severity of obstruction and the risk of sudden cardiac death. Unlike allcause mortality, the risk of sudden death or appropriate ICD discharge was not significantly increased in patients with moderate-to-severe functional limitation; it was, however, related to the presence of other recognized risk factors for sudden cardiac death. This difference with previous studies may be explained partly by patient selection; for example, SD rates in one multi-centre study varied substantially between centres (1.8-3.3%) 3 ; it is also possible that different treatment regimens influenced outcomes.
Relation between obstruction, symptoms, and survival
The fact that all-cause mortality, but not sudden death, related to the severity of functional limitation in patients Figure 3 Kaplan-Meier estimates of the proportions of patients surviving from sudden cardiac death, appropriate ICD discharge, or resuscitated ventricular fibrillation in relation to number of risk factors in patients without obstruction.
with obstruction suggests that LVOTO influences the natural history of HCM via different mechanisms. LVOTO sufficient to cause moderate-to-severe symptoms is likely to contribute to left ventricular remodelling by increasing wall stress and predisposing to myocardial ischaemia. Sudden ventricular arrhythmia is more likely in such damaged ventricles, but it might also occur in patients without severe symptoms during periods of increased cardiac workload when wall stress and/or myocardial perfusion are abruptly disturbed. This latter mechanism could be most relevant in those patients with mild obstruction at rest, but severe provocable gradients during exercise.
Syncope is an important symptom in patients with obstructive and non-obstructive HCM. When unexplained, it is associated with an increased risk of SD; when it occurs in optimally treated patients with obstruction, it may be an indication for invasive management. Although statistically non-significant, there was a trend towards poorer survival in obstructive patients who experienced syncope. The implications of this for clinical practice require further study, but it supports the notion that obstruction-related syncope requires active treatment. A curious observation in this study was the inverse relation between chest pain and sudden death risk in patients with obstruction. It is possible that patients who develop chest pain might limit their exercise, thereby avoiding severe myocardial ischaemia; other explanations include greater use of medication in patients with chest pain (not observed in this study) and that chest pain in many patients is unrelated to the presence of LVOTO. It is also possible that this finding is simply a chance observation arising out of multiple statistical comparisons.
Relation to other risk markers
Previous studies have shown that the risk of sudden cardiac death increases in the presence of non-sustained ventricular tachycardia, 7, 12, 14, 15 severe left ventricular hypertrophy, 18, 19 abnormal blood pressure response during upright exercise, 16, 17 unexplained syncope, 11 and a family history of sudden cardiac death. 10 In common with these risk markers, LVOTO had a low positive predictive accuracy for SCD; however, there was an interaction between outflow tract obstruction and other risk markers, suggesting that LVOTO modifies the expression of the underlying arrhythmogenic substrate in patients already predisposed to sudden cardiac death.
Effect of amiodarone therapy
In the pre-ICD era, a number of papers suggested that amiodarone may prevent SCD in patients with HCM. Many patients in this study received amiodarone for some or all of the observation period for sudden death prophylaxis or for the treatment of atrial arrhythmia. Analysis of the effect of amiodarone in an observational cohort is difficult, but there was no relation between outflow obstruction, the use of amiodarone (at any time), and the number of sudden deaths, suggesting that the drug did not influence the observed association between outflow gradient and survival.
Implications for clinical practice
Current guidelines suggest that patients with a resting or provocable outflow tract gradient 50 mmHg should be considered for invasive management only when medical therapy with b-blockers, disopyramide, and calcium antagonists have failed to improve symptoms. 33 The most important question posed by this study is whether the increased risk of sudden cardiac death associated with outflow tract obstruction justifies the use of treatments such as septal myotomy-myectomy and alcohol septal ablation in asymptomatic or medically treated patients. At present, there are insufficient data to answer this question; however, the relatively low risk of sudden death in asymptomatic patients with LVOTO and none of the recognized risk factors for sudden cardiac death (,0.4% per year) suggests that aggressive interventions are unjustified in this group. A similar argument applies to the use of ICDs to prevent sudden death in asymptomatic patients with LVOTO when there is no other evidence for increased risk. The situation in asymptomatic patients with obstruction and additional risk factors is less clear. It is our view that the surgery and alcohol ablation are still unjustified given the mortality and morbidity associated with both procedures; however, the value of an ICD in this circumstance warrants further study.
Limitations
It is well recognized that left ventricular outflow gradients can be latent (present only during provocation manoeuvres) or labile. 34, 35 In the absence of prior data to suggest that routine provocation of gradients in patients without severe symptoms is of clinical value, it has not been our policy to perform haemodynamic evaluations during amyl nitrate inhalation or Valsalva in all patients. This means that we were unable to comment on the prognostic significance of either labile or latent obstruction.
Conclusions
LVOTO is associated with an increased risk of SD/ICD that is related to the severity of obstruction and the presence of other recognized risk factors for SD. The low all-cause mortality in asymptomatic patients with LVOTO and no other SD risk markers suggests that aggressive interventions such as septal alcohol ablation and septal myotomy-myectomy are unwarranted in this group. Further studies exploring the role of intervention in patients with obstruction and additional risk factors for sudden death are necessary.
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